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processing task. He find clear evidence of interference between the two tasks

suggesting a common system. However, the results also indicate that whatever is

common to the too tasks does not have the same anatomical location as found for

visual spatial attention.

Previous work in cognitive psychology has also proposed a dissociation between the

alerting end selective aspects of attention. In agreement with this dissociation

the present study found that omitting any warning signal worsened performance for

left sided patients. These two patterns were also found in normals when we compare

b1ocks run at a high state of alertness with those run at lower levels of alertness.

Mese results support suggestions of a right sided bias for alerting but show that

it is not the cause of the attentional selection deficit often reported in right

parietal patients. A hierarchical distributed network is proposed to accomodate'

these data.
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A fundarental problem of attention is to understand ha/ the unity

of cautious experience is :elated to the many levels of selectivity

involved in proceising external lints. The amunt of informition of

Odd im are aware at fry [aunt mess remarkably limited, yet it is

often efficiently selected Eros a vast array of input, We are

generally unaware of the details of the selection, but withnut it cur

subjective experience could mat main unified.

The comlexity of these issues hes mde it desirable to divide the

study of attention into subareas. Cm traditional distinction is

between the arousal or electing aspect of attention and the selective

aspect (see Pohlman, 1913). In part this separation is cognitive,

correspxding to the difference Mban the mthanisse allowing us to

mintain rareness of our mviroment and those specifying the content

of awareness. In part, it arils from a distinction between

subcortical arousal system (e.g. midbrain and thalamic reticular

arousal system) and the sensory systems that provide specific

inforration about etimali. In this sense the distinction is at an

both *dye and anatmical.

within the study of selective attention it has alio been

traditional to deal with abase lased either cc the mdality of

input (e.g. auditory, vise) or the type of information or cognitive

lystem involved (e.g. lanpage or spatial).

3

In recent years a rare detailed anatomical and physiological

analysis of attention his developed within the dmain of selection of

visual spatial information (Nountcastle,1918; Posner, 19801 vents,

Goldterg I Robinson, 1980). Phis led involves studies of alert

coleys and of mad erd brain injured patients orienting to visual

events. Since no overt chinges (e.g. eye movements) Ned occur in

order for there to to evidence of 'election at the attended location

it is pasible that mechanism revealed by these studio my serve as

a mdel for understanding attention in general.

At the level of carcutations am an view a shift of visual

attention as involving three mare elementary operatics isolated fro*

chronmetric studies. le first is disengaging from the current form

of attention. It is a well established principle that the depth of

comitment to cm task influences the time to switch or disengage from

that task (Lgerge, 1973). This principle underlies mach of the use of

secondary tasks to measure attention demnis (see mrr,1973 for e

review).

The second operation involves a VISA of attention from its

current focus to the re location. There is sae rim to Wheys

that this wont is analog in the wee of passing through the

intermediate locations (Salim, hmington Mclean, 1978; Teal, 1983,

Wilmot 1985), but this is by no man settled (waghes ml lida, 1985)

lemingim and Pierce, 19841 Malan, Wilson and Meetly, 1985). The

rove operation could to dialler to tM operation involved in rental

4



rotation and image scanning (Scalp, 1980, Pinker, 1980, Shepard,

1978).

finally the subjr:t mg engage the new target, The engage

operatics ie likely to differ depend1ni upg the tag required. Sow

processing (e.g. the registration of features or tht loo4 of highly

familiar names) my take place without engaging attentico (Marcel,

1982i Treimsan i Calade, 1980). Slaver, it spars necesury for

attention to la at the target in order for El arbitrary speeded

rescome of win efficiency to occur. Ibis faster respite end

higher (1,1 are reported to events which occur at locaticas to gich

attention has ten cued (kehinski i Bachrach, 1980i Dating & Pinker,

1985; Posner, 1980).

Each of these operaticas wars to tt affected hi a different

form of brain injury. Dam" to the parietal lobe can proluce a

severe deficit in the ability to disengage attentica fro a visual

location, without any nectuary loss in efficiency of the we or

engage operatice (Posner, Walker, friedrich ard Bahl, 1984).

although demagt to the parietal lobe cen leave the person swum of

stigli =holsters' to the Wm if visual attention ie gouged

eludare (Poor, Cohen aal lafal, 1982) the sae visual locatica my

show normal or near mug retanse, ties when attention hes been

attracted there. ilds indicates that it ii possible for the top

operatim to be mud or nur noted then the disengage cpratica is

severely deuged. Co the other hand, dosage to aidbrain atlas relattd

to saccadic eye a:Newts can produce a specific slowing of the Me

operation (Posner, Cohen and Pafal, 19821 Posner, Choate, Patel and

Vaughan, 1985).

tau fiat* fit well with the single cell recording data fra

monkeys. The why stags haw gam that the parietal lobe

obtains cell, shoo in enhanced rooms to atindi in their

receptivt field when the animal is trained to attend to that location

while maintainin, fixation at another plea (mots, Goldberg

lobinsca, 1980). Co the other hard cells in the superior colliculus

appear to la ad aore dozily related to attention who it involvts

eye movements,

The humn data sugust that aidbrain lesion can effect court

attentim shifts, kit the capaents affected are those highly related

to the eyt rovtunt system. tor exasple, it has tun shun that

leg= of tht oldbrain ry increut the likelihood of attention

returning to a visual locatica width has recsntly tan examined either

by a fixation or covertly (Posner, quote, Patel and Vaughi, 1985).

Such a mechanism iculd have obvious *actual in vital scanning.

Ebus la can now define visual-spatial attutica in terms of

relatively precise cognitive °pastime and also say scathing gout

the anatosical locus of thou cpratica. Inthispiporweusecur

knowledge of the visual-epatial attentico idle to st* boo general

questims relattd to attetica, that, is the adult that observes

visual-spatial attentica septet, fru other systems that subserve

6



attention or is it part of a rote genial' system? If the latter, it

the Etta/ of the mon general system distinct fru the visual-

spatial system? Saud, does the cceratice of visual-spatial

attention involve separate alerting and aelection operations as

suggested 17/ cognitive theory? If to, Can a define their anatuical

substrate?

Oudot 1

Orr strata)/ to explore these two issues was to assess the

performance of patients with knea deficits due to parietal led=
and groups of nonal controls, To study the issue of %tether visual-

spatial attention is a separate adule a ha subjects perfors a

visual-spatial orienting tuk either by itulf or corbind with te of

two secondery tasks. The swot/ tasks were chosen in an effort to

insure the use of upstate input and output paths ind quits different

cognitive °potations ft= those used in vieuel-spatial orienting. We

then examine the ability of the patients and nasals to time shere the

pliancy ard noonday task. Wu visual-spatial attentien is a

separate Mule, We 'old expect a general increue in rattled' tint

due to interference with output a reliance upon sum vary general

coon resource, Smart the advantage of a shift of attentim to

the cued locaticn old be uPected to twin present, since if

visual-spatial is a ieparate aide it could *rate to shift

7

attention even when the subject was engaged in perforating the

secondary task. Suppose instead that the secondary task shares sox of

the sau attentional asthenias with visual-spetial attention, we

would then expect to find interference with the covert shift of

attention (e.g. invalid-valid RD) as all as en overall increase in

reaction tire.

Cur previous ark has established that %beaver patients are

engaged visually they hat a special difficulty in responding to

invalid targets contralateral to the lesito. Suppose the secondary

tasks engage attetim by use of the sou parietal system identified

with spatial orienting. If that woo the case, when a patient was

attending to the maiden/ task there old be a iNcific lou in the

ability to deal with invalid targets contralatetal to the lesion.

That is if the secondary task use the parietal system al ought to us

the ueual sign of engageunt of that tints nuely a specific deficit

for contralateral targets. tom, a can get infountien tout the

enstonical buil for any specific !deference effect by asking whether

the secoodary task creates a specific deficit for invalid

contralateral targets.

We thus have tin indicts of the separability of the primary ard

sectodary tuk. Its Brit has to do with 'nether the laudary talk

affects the adventau of valid over invalid ftle fad when the primary

task is performed alone. This index alias tie to determine 'nether

the ha tasks Wolin the mu or different cognitive caplets of

a
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Pothol

Sul:pets/patients: Nino patients with unilattral prietal

lista airs objects in tho Owes fagoting upriant. In

adlitico flu of thus pitionts woe subjucts in the tocMrd outing

exprionti potienti (11, X, SA1 anl II) htd puticipatid in

privious oxprimnts lid tail clinical attire vs ducrittel in

Posner it al (Ilia) (Table 1). el NMI WM Nagle for diagnotis

for all of tht five my prists1 ;adonis et sans shw a to:donsi

ifis in thl Prieul letf int inforctice in the prietal ores

(N) or fratoistittal.tuptal aria (IC), or Mites in the

teverapiriital lott ICCI. to of ths lit tpar1uta1 patlinta Nno

Oak (Re vd to), With the Empire of PC tut ago is 35 wool

all other new ptirts ors DIM thin 00 years.

crotrol ;Mutt 11 subjects without docanted courological

disorders sieved at mauls for the pristal patiints, tight of the

carol subjects loco in thi ap group of 19 to 35 pars ard wits

ricruited fro the staff of OW Sairiten Ispital sol Mal Center

or method Stitt *dimity old sight of tho ccotrol subjects wee

eldtrs in the op brackets of 60 to 75 years.

Tasks.: In the sitqle task ccoditico, subjects wre reguirtd only

to detect do viol helot awl to eopess a single key with tht India

10



finger as quickly as possible. Ihe buic experimental paradip was

similar to Posner, walker, Friedrich and Wahl (19111. Subject. faced

catb:de ray tube (X) 10 cm fro the eyes. They were instnuttd to

meintain fixation co a central box, Tvo peripheral boxes were present

approximately eight &gets to the left and right of fixatica,

Dm, types of single task blocks here used. In cued block, cos of

the two peripheral boxes brightened for 300 tillisec. Its tout of

the co vas followed after an interval of 100, 500 or 1000 minim by

a bright asterisk occurred ch the cued side 801 of the time (valid

trials).ard on the unwed side 201 of the tire irmalid trials) co the

uncued side, In uncued blocks the we was omitted and only the target

occurred either 1100, 1600 or 2,000 millimc after the previa

response.

In the dual task condition co of two secondary tasks se added to

the primary task. Cu mmilly task involved *hoe detectich.

Subjects were required to mitor for the pow ,p, in a list of

words. Specificilly, subjects wre played a tape with 30 lists of 20

words each. lbese lists were spoken by a native Spiker at a word

presentation rate of approximately chi word per too accede. Mly

nouns Were med. In each list che to seven words began with the

phoneme 'p'. Ismediately, after the last word of a list was

prchounctd, the =and '140 ems given which indicated that the

visual detection task was to be interrupted ani that the last item of

a list of words had teen presented. After the 'stop' ccomM, the

11
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patient was asked how many nouns on the presented lilt of words had

begun with the letter 'p'. This wee followed by a silent interval of

approximately three seconds within which the subject was required to

report the nutter of words dm stetted with the phoneme 'V. After

this, a 'ready' ccemerd was given indicating that the visual detection

talk was to Ix continued and that a new list of words was to be

preunted.

The backward counting task was similar, fach block of trials was

initiated by a two digit (umber frca thich the patient counted

backward by chi. In the dual task blocks orienting trials were

conducted during the counting process, After 15-20 trials a rest and

new digit pair was given.

Perform* ch the phoneme mitoting task alone was ascertained

in separate blocks for five of the patients,

Procedure - tech subject was run in all of the coditices in a

single Relict, At the start of the ussica they me introduced to

the phonya or beckward canting tisk, Ivy then received either

three blocks of no cue trials folioed by three blocks of cued trials

or the reverie (the order was counterbelanced scroll subjects). Tech

block consisted of 100 trials if no cues wre involved and 300 trials

for cued blocks, within each set of three blocks and AM design was

teed so thet visual orienting alone cm both tefore ard after the '

dual task block.

12
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The counting backwerd task was nIn on five patients prior to uee

of the phoneme conitoring task. This was done in a single session end

illy cued trial 'locks me used.

13

Resulte

The min results of the apatitet are in terms of reaction tines

for the spatial attention task ithen perform:I alone and in conjunction

with the imitating task. lie mdian Cis for each condition was

calculated for each subject. All Ith leu than 100 saline or

greater then 3,000 minima were excluded, tut these represented less

than 11 of the trials. Overall results were quite similar for the

trials in which there wai a 100 sillisec delay follming the me and

for trials in which ths delay was longer.. Since 2/3 of the tall..

tore run at the 100 Alaimo interval and these trials aro free of any

eye worts they sem eat appropriate for discussion. Mile the

AWN reported include all delay intervals in discuss the longer

intervals only in those casts tete interval interacted with other

effect,.

The overall data frau the primary task with chonem Imitating as

the secondary task wal cast into an two uparate analyses of variance.

Cne involved the patient group and had side of lesion al the between

subject a:edition end attention (focuseed vs.divided), me (valid,

invalid, no cue), visual field (ipllateral vs contra lateral to

lesion) and intetval (dart vi delayed) as the within subject

variables. A second analysis involved only the control subjects and

had age as the ketween subject variable (8 old ani 8 young) with the

14



tau set of within subject variable except that visual field was not

left verso right. The set of data flea the five subject who counted

backward was alto smerind but rat analysed statistically.

Figure 1 shows the valid and invalid Wall for each of the

Insert figure I hire

four subject groups when doing the primary visual orienting task by

itself. All foil groups of subjects show an advantage of valid over

invalid trials. 'AG facts mit further dilcunion.

First, both left and right sided patients shot markedly larger

advantage of valid over invalid tale when the target is

contralateral to the !elite than wien it is ipsilaterel to the !falai

(coe X side interaction F(1,11). 9.3; 0.011, This has teen previously

ceprted (Posner, et al, 1904) and called the extinction like reactice

tiro pattern, since it is similar to the clinical Once= in which

catients min contralateral signals when they occur siseltaneously

with iptilateral signals (extinctice). Left and risht sided peach

toth shot tarsal validity effects a) the ipsilateral side tut markedly

larger effects co the ccetralateral side, loth groqm of patients

also show lcnger reactice tins cm the average ce the contralateral

side.

Second, the no co cceditice generally gives Rh futer than the

valid co condition. This occurs despite the fact that the cue

15

provides e warning signal on all trials and for valid trials it

provider information on where the target will occur. We discuss this

result in tore detail later (me pap 000). In addition, right aided

patients are 10331 on the ctetralateral side in the no cue condition

than are the other groups. This is also true, bit to a lessor degree

for ipsilateral targets. With the emptied of the no cue candition

the other results are similar to what we have repxted previously.

We not turn to the dual task corforence, Five patienti were run

in the *NMI monitoring teak by itself as well as together with the

main task. The man percentage of twenty trill blocks in which their

reprt of the rotor of *no detected was correct was 60 Ain

performed alone and 36 when ccabined with the visual tisk, rot four

patients no separate blocks of plena ;Imitating alone wre collected

and these patients had a ran of 701 detectire in the dual tosk

blocks,

Insert Fig 2 here

figure 2 illustrate; the effects of divided attention upon valid

.and invalid 111 in the spatial task. In Figure 2 the results are

slon for patient; using the Omen reitoring talk (ger tie lines)

and the outing task (line two lines). bete Is a plerful gin

effect of dividing attentice co *nen ecoitoring r(1,71.10.510.01),

and attentico interacts with the validity calition such that with

16



divided attentica Wu is no validity effect for either task. tie

is tht one place where interval interacts significantly. There is a

strctg as by interval interaction f(2,14166.0, p Al, This is

illustrated in figure 3 Mich ohm the effect of divided attention cm

no validity for the phmen whoring task at the lcag delay

intervals, Mile the di"ided attention condition aboliehes the

validity effect at 100 Jainism, it is cleariy present at the lcager

delays. tut the effect of divided attention is to delay the person

ability to shift attentice to the cm.

Inert fig 3, here

Novel subjects may or may not to similar problems with divided

attention. figure 4 shms the sere results for old and young noruls

Insert figure 4, here

in the phoneme moitoring task (solid lines) en for young normals in

a previously reported It* of comtin bickwarde by threes (fomer,

Cohen, Choate, Hockey a My lor, 1984). In all cases there are effects

of attentict on primary task ;Woman,. fawn, for Own

ntitoring there is clearly m effect of divided attentice cm the sin

of the difference between valid AM invalid trials. Men we mine

the toting backward tatk reparted by Posner, Cchen, Choate, Hockey

11

ind nylon, 1964 we find A mich larger effect of attention on the raw

reaction tires and also a clear interaction with validity of the ION

type as found in patients. In sddition, Naylor (1983) hal examined

the nee primary task with counting and has sham that one say or mey

not observe an interactict with validity depending up the level of

practice of the subjects.

The results illustrated in figure 2 end 4 show that acpropriate

conditions divided attentin can delay the ability of the cus to draw

attention officiently so that neither mole oar patients shad a

validity effect et 100 alllisec. This tuggests that the spatial

orienting :yens not share an viatica in ccnn with the two

seccalary tasks, causing a delay of orientinq when they an

sufficiently difficult, It should be borne in mini that orienting

tward a peripheral cue amen to be quite autantic in many

situation )2onides, 1981). !bus it it quite ttrikinq to see a loss

of the validity effect for the ;diets at the 100 ignite interval.

Me might argue thet the ;Cents we the cue normally under

divided attention conditicts tut no effect is sham because the

lmpage tasks delays the key press output. tit view asuld regard

the cue effects as being lott hum the delayed rogue tin allms

the subject to shift attintim flat me to target without it Owing

in no Ihin'vien cannot esPlein the Presence of a validity effect in

the longer delay trills ins in figure 3. In this condition there is

still a delay in IT due to the its:Wary task tut nc4 a validity

18
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effect only it clearly present. If the secondary task reduced the

validity effect by delaying output in the 100 eillisec trials one

would have to mot a similar effect'at longer intervals since the

overall delay in IT due to the dual task is still present. instead it

appears that the longer intervals provide a differential advantage co

valid trials as CM would predict if the standar/ task
retarded the

patients ability to use the cue.

Illy should patients not orient to the me at the short intervals

in the dual task blocks? Clearly this suit bt due to the fact that

they art engaged in processing the lanluage task, If orienting to the

secondary tisk uses the sea perietal systes laving spatial

orienting the patients should hive specific problems with invalid

caltralateral targets. Evidence for an extinctica like reactica tin

pattern at 100 silliest follows both from the view that the patient

has oriented to the cue but cannot respond because of the ntondary

talk or Ira the view that orienting has not taken place became the

language task is engaging Attentica and use: the san parietil

mechanism that ii used for visual-spatial attention.

figure 5 displays the 'significant triple coder interaction

between validity, attention and visual field (r. 3,5 (2,14) p4,05,

Ito result indicates that under focussed attentica con:Utica there

are greatly lengthened Rs tot Walden' invalid trials

(extinctica-like reaction tin pattern), but there is no evidence of

this under divided attention ccoditicus. Ito Attending to the
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secondary task delays orienting, tut don not do so by engaging the

parietal system.

Insert Fig 5 about here

Discussion of Experiment 1

So far little has been midget the I:4 &antic results

obtained in the no cve condition, first, the no cue block. generally

give faster Ks then the valid trials tot *noels and left sided

patients. Ity should this ix if, al we hen argued, O. advantage of

,velid over invalid trials is due to the presence of attention? Surely

our vivo would hold that valid triali should be better then those

without cuts. This is particularly true benne cued trials allvo for

increased alerting as well as for the advantages of itlective

attention to the cued locatica.

We were it first very pusled by these results, Subsequently)+,

have co to view thee in light of the "entgent properties" argmat

(Duncan, 1982). In a style If task subjects often adopt a criterion

of responding to any energy change. Mil locks As long as there ire

no events to which they lust inhibit a response,
However, in The cued

paradigm cae,mult withhold e reap= to the cue. Ihis could servo to

raise the criteria) for blocks in wtich there ate cots over those in

which no cues art given. We should be able to vary the relaticaship
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tetween validly cued ard no no trials depending upon whether they

occur in mixed blocks Are 1 single criterion night be adopted or

ore blocks In which different criteria wvuld ke alio*.

The sersud Meade result wts the poor orforiance of right

sided patients in the no cue oolitic& Right aided patients are

clearly MR than nonols and left sided patients in the no cue

conditio while they spar virtually identical to the other groups on

valid trials. Pullover, ton in cception with their co performence

co valid trials right sided patients are pcor in the no we ecodition.

Milian hit ;roped that the right hemisphere is socialised for

aroueal and that when it is do to the byperousal reolting fro) its

damage that nth paints have social trable in ccutrol of

orienting. Cur results snout that left and right sided patients

hao.egual problems with dimpling attentio to deal with targets,

bat they rain the posibility thet rights also have a social problem

with maintaining alertness. Ibis idea is heed go the suposition

that sines no cut trials do not provide a warning subjects ant act to

eaintain a high level of alertness if they ace to sustain fast Me.

If they tea to do so their whom will suffer in the no as

=Atka. If rights have difficulty in ointeining their alertness

without a warning their prima wald te at a ocial disadvantage

in this coition,
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In order to teat our conjectures about the nature of the data

provided by the no cue codition we designed an additional set of

experiments with young nonage subjects. we first tested the idea

thet the relative speed of no co vt valid trials deonded non the

level of alertness of the object. to do this ws capered blocks of

trials in which the tire folloing the previous trial was 500 saline

inearly optiol for alertness) with 5,000 nillitec Is otoptiol

interval for maintaining dodoes). In & second exoriont we tested

the idea thet the advantage of no cue over valid trials &Pendia
on

adopting e law criterleu &ring no cut blocks. we did this by

emoting blocks in which no co and cued trials were randoised to

that no special criterio could be chosen for the 50 cue trials with

ore blocks in which only no cue or only cod trials ore given.

Method

Inorirent 2a credited of 12 young nonol objects run for two

hours each. In expedient 2a subjects WIN run in four pure blocks,

For to of the blocks the tio following each trial tefore the next

trial tegan vas 500 sillisic and for two it vas 5,000 minim.

Within each corditio cas block talked of no cue trials in which

only a target WU patented and the other block consisted of cued

trials (001 valid end 201 invalid) in which the target fallthred the
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rue equally often otter 100 ard 900 aillisec. fah block had 100

trigs,

bperiont lb colleted of 10 yang normal subjects rim in a

simile co loo Kula% Ito expriont vu similar to 2s neve that

each subjeet ren in to mixed blocks of 190 trials. Within tech dud

block there lore II cued trills (501 slid) ard 61 (ocoed trials).

to Nixed block of no with SOO *alien delsy following the regain

Ihigh alert) rd one with ROO Muses delay (low siert).

bathe

The results of experiment la so sham in Figure 4, The

Inert rig,

pettern of results at hi0 alertness su quite stellar to that food

with rand Is rd left sided ptiots in figure 1, Ire wen fastest

in the no on corditio, interodiste in the valid ea Mittel ol

slowest in the invalid co caditio% lta low alertuu oolition

towed a petters much ore like the riot sided patients. The valid

trials are now sliOtly faster don the no cue =ditto vith the

invalid cue trials the slowest,

13
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A statistical analysis of the overall data shood significant

effects of alertness r(1,11)w6,2, pe.05; validity P(2,22).11.1, Vali
interval r(1,11).67,1, pe.011 the interaction of validity with

interval 1'(141)817.1, pe.01 sni the triple order interaction of

alertness and validity with interval ri2,221.3.4, PC01.

tbe interacticv between alertness and validity shoo in figure 6

wee true st kith intervals but we stronger with the 900 utiliser

interval, Ode is mainly because the io cue trials 'how a miller

leproviont with intarval than do the NI trials, since there is no

warning signal to ork the start of the trial, figure 6 okes it

spar se though alertnesi affects in present for both no cue et

invalid trials, In fact Odle 11 of 12 subject have longer Its in the

low alert to co conditio thin in the hiql alert no cue colition

oily 7 of 12 show an alertaos adventage for invalid trials, Ito in

a pure block of cued trials subjects spar to comsat@ for the

tutoptiral alerting quite wiU1 tut not in a pure blot of uncued

trials,

the results of troriont 1b see ohm in rigure 7.

Insert Figure 7 got here,

In this expectant alertness, interval and co matters all had

significant effect., there is also a cue try inteival interactive dot

to the large Octal/rent in Ire when a cue is present pe,01. In bob
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the alertness conditions there it an advantage of the valid trials

over the invalid add no cue trials, the no cue trials have Kayla

longer reaction thus tan the invalid trials perticularly in the la

alertness conditia. In caparin; the to exprionts it is clear

that mixing ta block proton a specific lit/Waage for the no rue

trials.

Discussio of harken! 2

These results illustrate the duplexity of events that occur even

in the relatively simple am:Utica of Weritent 1. Apparently the

reactiom tin to a cued event depends in part up the warning

properties the du providas, in part up the location inforatica

provided by the cue, and in pert upu the inhibition produced by

raising the criteria to resist receding to the cue. Capering

valid to invalid trials allows one to bold the alertirq and criterion

effects relatively =tent so u to coque the dietetical effect of

the cue.

The two experiants grandly comfits our cojecture that the

advantage of uncued trials for norals in tgeriant 1 results fro

adopting a loan criteria for these blocks. Apparently this is dome

based upon the property of the block and is not dome, Dr at lust mot

u well, on a trial by trial basis. Ws follows fra finding that in

axed blocks no cue trials are at worm than valid trials. The
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results alto suggest that right sided patient: have difficulty in

maintaining a high enough level of alertness to perform well when a

warning signal is absent. Put another way, the right sided patients

fail to law their criterion for no cue blocks. Since alertness

effects usually result in changes in criterion them to stetemanns

may be equivalent. Cur results with norals aggest that a failure to

maintain alertness wild account for the poor perforance of right

sided subjects in the no cue triala since they resemble performance of

normals at a lowered level of alerting induced by a stoptial

intertrial interval.

It 11 also possible to lek whether normels show any differences in

alerting when dms ere presented directly to the right hemisphere.

Previously a Yea Den Atoll, 1979) have suggested that cal

delivered to the right heeighere fox the left visuel field %void

result in faster Ns tam those thet go directly to the left

hesteptere. figure I shows Kt Ira Upstart lb as a tactic:I of

which hemisphere first receives the target end/or ate. The luer bto

curves are for high alertness =did= wbile the upper two are for

lod alertness conditions. Knot no warning sipal is provided subjects

Insert figure 8 gout hare

have only the tire fro the lut key press as marking the start of a

for warning intervals of 100 tal 900 :Ciao we plot only
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valid trials tete toth cue end target go directly to the so

Wigan. la WA for this breades Am thit the sly

significant effects are thou of alertness and warning inurval.

Ian is a sell but an-significant turd for as left anisphare

tarots to be atter under the high alert undid= OM right

haklare targets. This trod la in dr opsite directis Ira tat

would be predictid Ira e tight haispare advantage for alerting.

lyre is no hint that the slotting Justice differ for tha two

heeispares. Itu, tile our patient eviancs suggests that right

haisthere Sage has a great affect in maintaining alertness thry do

rat confina that this effect can a ford in normals ty varying the

locatica of the tenting cue.

Oriclusions

Parietal Deficit

itie present expellant& 03Iflis previous findings canasta the

visual-spatial attends syrs. lien the attstis of patients with

parietal led= is tumid to a visual an they have a ;awful

deficit in handling antralatual tarpts. *en attintice is at ths

cued locetis or ton dr target is !palatial to the laical a PA

seller or no deficit over the porforuna of age related totals ia

fort tais stragly suggests that the deficit due to ;viral

lesions ia specific to thr ability to disengage fra a stialus ate

attention has been omitted.
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Ihe current study indicates that the right and lift parietal

lots aro sparric for this function, because the advantage of valid

over invalid trials is similar for the to groups (see figure 1).

tare au a nods of clinical mi exteriantal findings (De Renzi,

1982) towing that right sided patient, ths axe druatic effects of

parietal leaks in Oa spatial &sin. Our caret data suggest that

these drastic differences say result frra factors othr than the

directional ;station of the prittal lobes (see alerting !Ask

Independent lakile?

Visual spatial attrition it re fors of selectivity by which

informatis reaches area(s) lapsible for conscious report. 1he

parietal doge suit involve sly a pathway involved in reaching

comics *rt. This is establited by the relatively intact

perforunce of these atists cal attention has been sera* (valid

trials) even to a tarp! !intim which is untralateral to the

lasts, Its ice systa can minute for the relativs

inefficiency of tht damaged parietal lota, arguing that agar level

atunticel system' nut De in tact.

kw das this visual-rtUntis pathway relate to pathways involud

in dealing with atlas( upsets of attention? busiest 1 ran that

Processing language stiall (Omen storing or costing backward)

delays rioting to Oa spatial ca. Since the act of orienting

Iquitos no overt wont that night interact with the secondary task

it Mel rumble to supase that efts:ling to an-spatial stiall

18



interferes directly with the system that shifts visual attention. We

know from ouch other work on interference effects (Posner, 1970) that

tasks like counting backward or phoneme monitoring also interfere with

most other types of cognitive operations. Moreover, this interference

is quite time locked. It is not as Clem* the secondary task

completely inhibits the attention shift it simply delays it so that

whet is usually quite strong at 100 millisec is no longer complete in

that time. In addition the secondary task performance itself suffers

from coopetition from the primacy attention shifting task. These

properties suggest that there is a common ccmmand system needed both

to issue cowards to produce spatial orienting and for some aspects of

monitoring (e.g. incresenting the count when a target occurs) (Duncan,

1980).

If one accepts the inteference effects found in the visual-spatial

orienting task in cur patients as evidence for such a common attention

system what can we say about this system? Our main finding is that

the anatomy of the common system must be different than that found for

the visual-spatial pathway. .2bis is because engaging the subject in a

language task produces no specific deficit for targets contralateral

to the lesion. Since it appears that damage to the parietal lobe

manifests itself in a specific deficit in disengaging to deal with

contralateral targets it follows that the engaging attention to the

language task must not involve the parietal mechanism involved in

visual-spatial attention.
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In short our evidence favors two distinct neural systems a specific

visual -matial system involving the parietal lobe and a more general

system common to both visual-spatial and language attention. It seems

likely that the more general system operates as a =wand system to

allow orienting of visual-spatial or other forms of attention. Since

we know that the failure of the visual-spatial system means that the

patient will be unaware of the target it appears that this second

system may be regansible for the specific opermgons underlying our

ability to report the stimulus subjectively.

Fria previous work in cognitive psychology (Marcel, 1983) it

appears that under sae conditions a stiagus may be processed quite

. deeply including producing semantic activation without subjects being

aware of the stimulus. In anatomical terms this suggests that a good

deal of processing by posterior areas cg the brain can occur without

the subjects being conscious of the event.

The visual spatial parietal system is closely connected to

prefrontal association cortex (Mesulam, 19811 Schwartz, s Goldman-

Rakic, 1984). moreover, when areas of the posterior parietal cortex

are active metabolically during cognitive tasks there is same evidence

that corresponding areas of the frontal cortex ace also active

(Rowland, 1985). These findings ell suggest that areas of the

prefrontal association cortex might be of special importance to the

common system we have been discussing.
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Alerting

Km do the results morning alerting fit into the operation of

selective systems? first our experirents shod that alerting effects

are quite imieuralant of the direction of attention, This view arose

first Mud on experiments perforred mny years ago in which the

effect' of prima and warning signals vitt shom to have additive

dilate on improverent in tactical time (Posner a Soils, 1971). At

that tire it vas pointed out that the source of alerting effects was

likely to be subcortical mud *teem since VS evidence of

alerting was foul in bath hemisphere of split brain =keys even when

the signal went only to me hmisphere (Hillyard a counige, 1973),

these subcortical systems influence stiMlus procluirg by acting on a

higher level attentim system rather than upon input pathways (Posner,

1975). This argment was baud m the evidence for a criteria shift

became error rates increase usually accovany the faster Rh to

yarning signals.

Om current data extend this view by shaming that right sided

patients have special difficulty in maintaining a high level of

alertness during a brief delay bebeeta trials. This difficulty does

not affect their ability to use warning sismals or their ability to

shift attention in dm cued directim.
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In clinical tasks and daily life right sided patialits often

manifest tore severe spatial effects frm lesions than do left sided

patients. Recall that deficits in alerting affect higher level

attentim system not the activation of pathweys by %Mich infatuation

11 accumulated (Posner i Nies, 1971; Posner, 1971). In ten of our

present amount this wvuld be an affect up the attention mud

system rather than or me strcogly than up the directional

selective system. The ccasquenct would tt o mkt tote sluggish

roman& to activate the pasterior system. In that case without the

presence of specific cues the right sided patients might show a

deficit performance in natural eA clinical situations. In accord with

this passibility recent evidence has emulated that the right

hemisphere may ta clouly involved in the arousal of cortex by

norepinepherint and serotonin than is the left hemisphere (taker I

Williamson, 1985).

Heirarchical Distributed Network

(*ruin (1981) has attempted to distinguish betwen several views

of ham brain system function to omtrol spatial attention. then

general views are tat he calls center theories, network theories and

wholistic theories. The center theory regatds spatial attentico as

the property of a single system. The network theory views maned'

of the functim as assigned to quite distinct neural systems. The
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Astic theory regards attention As a general property of the brain.

data he reviews favor a network theory. Our data also suppzrt a

pork approach, ihe anatomical separation between the visual

:ial attention system and the higher level own system argues

met a single center. %He the degree of anatosical specificity

id for visual spatial attentice argues against any wholistic view.

pier, out findings suggest two additices tenoning vivo.

First, we are in a pzsitice to specify what the cceponents are

the simple act of covert orienting of spatial attention. in

wants consist of disengaging attention from its current focus,

Lep attentice and engaging the target% in disengage function

ars to be controlled by the parietal lobe when disengaging from a

al/spatial locatice is involved but net in cases when disengaging

1 other cognitive operations. ihe hove' function is affected by

;rain lesions which involve the superior colliculus among other

la (Posner, Choate, Rafal, & Vaughan, 1985). Mese midbrain

ictures also show the property of resistim reorienting to an

lady attended locatice (inhibitice of return). In the current

!yea show the role of a higher level attention system in prcducie;

signal required to engage visual/spatial attention. When this

or level system ia already occupied there is a clear reductice in

efficiency of engaging a visual location. Ile can cely speculate

the attentional system, common to language and spatial location,

ably lies anterior to the parietal system and includes the areas
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of the frontal lobe which have been sham to be closely connected

anatomically to the parietal system (Mesulam, 1981).

Our results favor a second modification of ?Issuing network idea

which might be called a heirarchial network. We find that some neural

systems related to attentice stem to =ordinate or control the action

of other systems. Ifius within the vinal spatial system the parietal

mechanism must act to disengage attentice prior to its being moved to

the target. ihe mldbrain centers shown to affect the hove *ration"

thus are controlled by the operation of the cortical centera

responsible for the "dimengage operation." Similarly it appears that

the posterior areaa responsible for spatial orienting as a whole are

controlled by a higher level system.

Me believe that such a heirarchical network viewpoint ia very much

in accord with the general spirit of findings both in neurophysiology

and cognitive psychology. In neurophysiology the operation of higher

centers which act to tonically inhibit lower systems and act through

feedforward mechanisms to produce phasic potentiation of activity are

well known principles of the organization of nervous systems

(Mountcastle, 1978). In cognitive psychology, central attention

theoriea offer a necessary means of coordination among a number of

semi- independent ccdes which are activated by input (nele a Neil,

1978; Posner, 1978; Trois= Mellen, 1980).

Mere are mechanises of selectice within each sensory system

(Hillyard & Rutin, Haatanen, 1982) which serve to gate MO
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ormation end potentiate other information sources. At the level of

cortex intonation from different sensory systems (e.g. vision and

ition) must In integrated when it :elates to the same cognitive

tem (e.g. spatial location, object identification, language).

led we Roane: aid Nenik, 1983) capered the effectiveness of

mull in producing sutual interference'end facilitation when both

e within the same modality tut in different cognitive systems with

n they rose within the same cognitive system but in different

alities. Cur results show that, at least in the circumstance of

test, stiolli within the same cognitive system produce more mutual

e rection than those that share only input modality. Ibis point

nes for a level of selection that integrates separate sensory

too. .

It seems reasonable to su;pose that stimuli indifferent

nitive systems (e.g. language and spatial location) must also be

dinated at sone level. Ibe current results show that the

nciple of distributed but heirarchical networks can be applied to

s problem. Although the disengage operation amears specific to

hanisms within a cognitive system, there also Appear to In a

eral cross-cognitive systemmechanime that is required to permit

action to occur within any one cognitive system. When this central

hanism is engaged in a language operation there is a clear

notion in efficiency of spatial orienting. Ibe heirarchical

work idea allows us to see why damage to ;articular location in the
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ONS produces deficit in operations specific to one cognitive system

(e.g. spatial orienting, language) while damage to other locations may

produce more widespread attentional deficits that are not specific to

any cognitive system.
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figure Captions

figure 1 Mean RTI as a functice of cue ccedition in the single talk

block. of Experiment 1. Data ire for young and old termal

group gni patients with tight (R) and with left (L)

parietal lesions. For the patient group the data OM

separated for target. on the oide of the lesion lipsi -

lateral) and on the opposite side (contralsterali.

Tlgure 2 Mean RT for valid and invalid trials for a spatial attendee

talk keen ;chewed slcce (focvs) Ind leen done with to

type of seccedary talks monitoring for phonemes and

counting beckwards.

figure 3 Mien RTs for patient groups with long delay trials (500

OF WOO msec between cue and target) for both focus and

divided blocks Al a function of cue validity.

figure 4 Mean IT. for young and old normals for mall attentice

alto and duel task divided attention. Circles and

triangles involve mitering as the secondary task.

Squares refer to data from Posner et. al. 1984 for

counting backward by 3 es the secondary tick.
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figure 5 Magnitude of extinction like reaction time pattern

(contralateral &Us ipsilattrAl (victim times) for

single (focus) and dual (divided) task block; of Expel-

lent 1.

figure 6 RTs ass functice of cve conditions for pure blocks of cued

or uncued triels coniucted with lreg (lti alert) or optimal

(high alert) intertrial intervals. EXperiment 2A.

figure 7 Rh as a bactice of cue conditions for blocks of mixed cue

and no ool trills with lcug (lce alert) and optimal (high

alert) intertrial interrols. Experiment b.

figure 8 Warning signal functica for trials in which the cue and/or

target are presented to the left visual field (right -

;photo) and those for wilich they are presented to the right

visual field (left hesisphere). Date are fres no no and

valid rials of Expriment lb.
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